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of various molecules and signaling pathways in mouse mesendoderm
formation and axial elongation morphogenesis.
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BMP signaling through ACVR1 is crucial for establishment of
the left–right asymmetry via proper formation of node cilia
in the mouse
Yuji Mishina, Vesa Kaartinen, Yuji Mishina
Dept of Biologic and Materials Sciences, School of Dentistry,
Univ. of Michigan, Ann Arbor, MI, USA
Bone morphogenetic proteins (BMPs) have multiple functions
including their role in the establishment of left–right patterning in
vertebrate development. Recently, we discovered that BMP type I
receptor Acvr1 in the epiblast is required for proper left–right
patterning. To address further how Acvr1 is involved in the process,
we utilized a conditional gene inactivation strategy to rescue the
gastrulation defects of the Acvr1 null mutation. Mosaic inactivation of
Acvr1 mutants in the epiblast by using Mox2-Cre (Acvr1:Mox2-Cre)
resulted in abnormal heart looping and bilateral expression of left
side markers in the lateral plate mesoderm. The mutant embryos
displayed an abnormal cilia development that resulted in a defect of a
cilia-driven leftward fluid. Complete inactivation of Acvr1 in the
epiblast by using Sox2-Cre resulted in complete lack of cilia in the
node. Expressions of intraflagellar transport genes, which are
important for node cilia formation, were downregulated. Interest-
ingly, Acvr1:Mox2-Cre embryos displayed abnormal cilia develop-
ment in a ventral part of the neural tube. Mouse embryonic
fibroblasts deficient in Acvr1 fail to form the primary cilium, when
stimulated by serum starvation. These suggest that ACVR1 is essential
for proper development of primary cilia by regulating cell cycle
progression to establish a left–right asymmetry at the node.
doi:10.1016/j.ydbio.2010.05.208
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Functional analysis of the mouse Nodal antagonist, Cerl2, during
left–right axis formation
Jose M. Inacio, Sara Marques, Jose A. Belo
Centre for Molecular and Structural Biomedicine, Univ. of Algarve, Faro,
Portugal
Although recently our understanding of how the LR asymmetry is
generated in vertebrate embryos has seen rapid progress, many
important questions remain to be explained. In mouse embryos, the
leftward flow of the extra-embryonic fluid in the node cavity, called
nodal flow, seems to be the symmetry-breaking event. However, it is
not yet know how this flow functions or how the asymmetric signal(s)
generated in the node is/are transferred to the lateral platemesoderm.
Themouse gene cerberus-like2(cerl2) encodes a 20-kDa proteinwith a
predicted signal peptide sequence and a cysteine-rich domain (CRD)
containing nine cysteines characteristic of the Cerberus/DAN family.
Whole-mount in situ hybridization studies showed that cerl2 tran-
scripts could be first detected in a horseshoe-shaped expression
pattern in the perinodal region of the mouse embryo (E7.0),
resembling Nodal expression at this stage. At stage E7.5, expression
of cerl2 begins to decrease in intensity on the left side, and by early
somitogenesis (E8.0), it can be strongly detected in the right side of the
node, assuming a complementary expression pattern to that observed
in Nodal. Furthermore, it was shown that Cerl2 activity is upstream of
the Nodal receptor inhibiting Nodal and its downstream targets. A
physical interaction between these two proteins exists, which suggests
that Cerl2 is a secreted Nodal antagonist. Here, to elucidate the role of
Cerl2 protein in the early events of symmetry breaking the functional
activity of this Nodal antagonist will be discussed.
doi:10.1016/j.ydbio.2010.05.209
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Comparative proteomic analysis of the left and right sides of
chick embryos
Yonghua Zhanga,b, Annie Simardb, Aimee K. Ryana,b
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In vertebrates, it is critical for normal physiological function that the
internal organs are asymmetrically positioned with respect to the
midline. The chick embryohas beenextremely useful to identifymanyof
the molecules that direct patterning of the left–right (L–R) axis during
embryogenesis. The asymmetric expression of several of these mole-
cules is regulated at the level of transcription. Here, we investigated the
proteomic profiles of the left and right sides of HH stage 8/9 chick
embryos to identify proteins that are asymmetrically expressed and
required for normal patterning of the L–R axis. Protein extracts from
biological triplicates were separated on SDS-PAGE, subjected to tryptic
digestion and then analyzed by ion-trap tandem mass spectrometric
analysis. 248 proteins were identified in all samples from the left side
and 237 proteins were identified on the right side. Of these proteins, 23
were found to be left-enriched and 7 candidates were right-enriched,
exhibiting a 1.5-fold or greater change between the left and right sides.
We are currently confirming the asymmetric expression of these
proteins by western blot analysis and immunohistochemistry. The
results of these studies will be presented.
doi:10.1016/j.ydbio.2010.05.210
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Left–right determination requires endoderm function in mice
Ranajeet S. Saunda, Masami Kanai-Azumab,
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The asymmetric placement and morphogenesis of visceral organs
along the left–right (LR) axis is crucial for proper embryonic
development. The development of LR asymmetry requires symmetry
breaking at the node and the left-side specific expression of the TGFβ
ligand, Nodal in the lateral plate mesoderm (LPM) as a left-side
determinant at E8.5. Our previous work has shown that Nodal
expression in the node is required for the expression of Nodal in the
left LPM, although the mechanism by which the asymmetric signal
generated at the node is transferred to the LPM is still unknown. To
test the significance of definitive endoderm in LR asymmetry, we
have investigated the role of Sox17, a HMG-box transcription factor
required for endoderm differentiation in mice. The Sox17 expression
pattern suggests that endoderm may be involved in node formation
and LR signal transfer. Analysis of Sox17 mutant embryos showed
abnormal node morphogenesis and absence of Nodal expression in
the LPM, suggesting that endoderm differentiation is required for LR
asymmetry. The reduced node size and altered protein localization in
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cilia in Sox17 mutants revealed that endoderm functions in early
stages of node morphogenesis. Further studies have revealed
impairment of gap junctions caused by the mislocalization of the
Connexin43 protein in the definitive endoderm in the mutants. These
studies provide novel insights into the role of definitive endoderm in
the establishment of LR asymmetric in mouse embryos.
doi:10.1016/j.ydbio.2010.05.211
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LRP2/megalin regulates forebrain patterning by modulating
morphogen pathways
Annabel Christ, Oleg Lioubinski, Thomas Willnow, Annette Hammes
Max-Delbrueck-Center for Molecular Medicine, Berlin, Germany
LRP2 (megalin), a member of the low-density lipoprotein receptor
gene family is expressed in the neuroepithelium of the developing
central nervous system. Loss of LRP2 in mutant mice results in
forebrain defects with features of holoprosencephaly. We have shown
that LRP2 deficiency leads to an increase in bone morphogenetic
protein (Bmp) 4 expression in the rostral dorsal neuroepithelium,
weaker and dorsally shifted fibroblast growth factor (Fgf) 8 expression
and loss of sonic hedgehog (Shh) expression in the ventral
telencephalon. The aim of this study was to identify the mechanism
by which LRP2 affects the activity of key morphogens in forebrain
patterning centers. To do this we introduced a Bmp4 mutant null
allele into the Lrp2−/− line. Despite a 50% decrease in Bmp4
expression, (Lrp2−/−,Bmp4tm1/+) animals still suffer from holopro-
sencephaly. A detailed analysis of early signaling pathways showed
that Lrp2−/− mice suffer from an impaired initial establishment of
SHH protein in the rostral diencephalon ventral midline (RDVM)
overlying the prechordal plate. Insufficient SHH protein activity in the
RDVM leads to a decrease in Shh and Six3 expression in the
neuroepithelium of LRP2 mutants. This defect in early SHH signaling
affects the coordinate activity between the three key morphogens
SHH, BMP4, and FGF8 with severe consequences for early forebrain
patterning. In conclusion, we identified LRP2 as a receptor crucial for
proper SHH protein activity and gradient formation in the RDVM and
subsequently establishing Shh and Six3 expression as prerequisite for
proper ventral medial forebrain development.
doi:10.1016/j.ydbio.2010.05.212
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Disruption of Sema6D gene leads to early embryonic lethality
Wataru Kimura, XiaoDong Xue, Keisuke Hikosaka, Naoyuki Miura
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The semaphorins are a family of transmembrane and secreted
proteins originally identified as axon guidance factors in the
developing nervous system. Semaphorins have been also shown to
have important functions in regulating migration and proliferation in
a variety of cell types. Sema6D, which belongs to transmembrane
class 6 semaphorins, acts as a ligand for PlexinA1 (forward signaling)
and plays important roles in axon targeting and endocardial cell
migration during embryogenesis. Sema6D is also known to act as a
receptor for PlexinA1 (reverse signaling) in the myocardial cell
migration in the chick embryo. However, the role of Sema6D in
mammalian development remains unclear. Here we generated mice
carrying a null allele of Sema6D. Surprisingly, mice homozygous for
the targeted allele died before implantation. Very few numbers
of homozygous mice have been successfully implanted, but they all
died before 7.5 days post coitum (dpc). We found that Sema6D and
PlexinA1 are expressed in 7.5 dpc embryos. These findings suggest a
new role for Sema6D in the early stage development. We are now
examining the lethality at the blastocyst stage and characterizing the
Sema6D mutant phenotype in detail.
doi:10.1016/j.ydbio.2010.05.213
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Notch activity is essential for sequential segmentation
Miguel Maroto, Zoltan Ferjentsik, Jacqueline K. Dale
Div. of Cell & Dev. Biol., Univ. of Dundee, UK
Vertebrate generate their segmented body plan during embryo-
genesis. These embryonic segments, or somites, form one after
another from tissue at the tail end of the embryo in a highly regulated
process controlled by a molecular oscillator that drives the expression
of a group of genes in this tissue and determines the periodicity of
somite formation. To date the genes regulated by this molecular clock
comprise components of the Notch, Wnt and Fgf pathways. Data
generated in the zebrafish embryo has suggested that the only role of
Notch signalling in this process is to synchronise gene oscillations
between neighbouring cells and that somite formation can continue
in the absence of Notch activity. However, we have recently shown
that mouse embryos lacking all Notch activity do not show oscillatory
activity and do not develop somites. Further results obtained with
other species will be presented. Based on our results we propose that
Notch activity is absolutely essential for building a segmented body
axis by sequential segmentation.
doi:10.1016/j.ydbio.2010.05.214
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Expression of claudin family members during embryonic EMT
and MET events
Aimee K. Ryana,b, Michelle M. Collinsa, Nicholas Haddadb,
Halim Khairallaha, Indra R. Guptaa,b
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Epithelial cell layers play both a structural role in maintaining
biological compartments and a barrier function that keeps the
external and internal environments separate. The most apical of the
intercellular junctions that link cells to one another in epithelial
layers are the tight junctions. Tight junctions act as fences to block
the movement of membrane proteins between the cell's apical and
basolateral surfaces and as gates to regulate paracellular movement
of ions and small molecules between cells. Claudins are the structural
and molecular building blocks of tight junctions. Individual cells
express more than one claudin family member, which suggests that a
combinatorial code that imparts flexibility and dynamic regulation of
tight junction function could exist thereby creating distinct micro-
environments within an epithelial cell layer. We have investigated the
expression patterns of 16 claudin family members in the epiblast of
gastrulation stage chick embryos, which is undergoing EMT. We have
also studied the onset of claudin gene expression during the MET
events that lead to nephric duct and nephron formation in chick and
mouse embryos. Our data show that claudin family members exhibit
both unique and overlapping expression patterns in these tissues.
These expression patterns demarcate distinct domains within the
ectoderm following gastrulation and in the kidney and urinary tract
that may be relevant to the patterning of these tissues.
doi:10.1016/j.ydbio.2010.05.215
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